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ABSTRACT
The paper presents several geotechnical design and construction aspects of the Newtown Creek Water Pollution Control Plant upgrade
project in Brooklyn, New York. The plant is located in the Greenpoint section of Brooklyn, adjacent to the south embankment of
Newtown Creek. The original plant was constructed in the 1960s and serves portions of Brooklyn, Queens and Manhattan. The
Department of Environmental Protection (DEP) of the City of New York is in the process of upgrading the plant to meet current and
future treatment requirements. The upgraded plant, which is scheduled for completion by 2013, will be one of the largest treatment
facilities in the northeastern United States. It will include many of the original plant facilities, as well as new structures to be built at
the plant at nearby locations acquired by the DEP for this project.
The design of the project involved various significant aspects of geotechnical practice typically encountered with deep and shallow
foundations, including design of a variety of pile types, a concrete mat foundation, dewatering, excavation support, vibration and
settlement monitoring, seismic liquefaction studies, and vibro-compaction. Deep foundations included caissons, H-piles, pipe piles,
minipiles and timber piles. Support of excavation combined use of secant and master pile walls, cantilevered sheet piling, and various
methods of supporting sheet piling including tiebacks, rakers and cross-lot bracing.
PROJECT DESCRIPTION
The New York City Department of Environmental Protection
(DEP) has implemented a gargantuan project to upgrade the
Newtown Creek Water Pollution Control Plant (WPCP) to
meet current and future treatment requirements and demands.
The project, which is estimated to cost $2.4B when completed,
is the DEP’s largest undertaking to date. The new plant, which
is scheduled for completion by 2013, will be one of the largest
wastewater treatment facilities in the northeastern United
States, and will include state of the art treatment processes and
equipment.
The Newtown Creek WPCP is located in the Greenpoint
section of Brooklyn, immediately south of Newtown Creek.
The original plant was constructed in the 1960’s and serves
portions of Brooklyn, Queens and Manhattan. The upgraded
plant was constructed in the 1960’s and serves portions of
Brooklyn, Queens and Manhattan. The upgraded plant will
include many of the original plant facilities, in addition to new
structures that are to be built at the plant and at nearby
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locations acquired by the DEP for this project. The upgraded
plant will include a new electrical substation, a new sludge
digestion facility and centrifuge building, a new battery of
aeration and sedimentation tanks, upgraded existing batteries
of aeration and sedimentation tanks, a new disinfection facility
and overflow outfall, a new residuals and screenings facility,
and various support building structures and utilities. A master
site plan is shown in Figure 1.
The construction of new and upgrade of existing structures is
being implemented in phases in the form of various contracts,
since the existing plant must be kept in operation at all times
during construction. This required developing complex
construction sequencing, which controlled the design in a fair
number of cases.
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Fig.1. Master Plan showing the various contract areas.
The design of the complete plant upgrade is being spearheaded
by the New York based Joint Venture of Greeley
& Hansen, Hazen & Sawyer and Malcolm Pirnie (JV).
Mueser Rutledge Consulting Engineers (MRCE) is the
geotechnical consultant to the JV and is primarily responsible
for the foundation and support of excavation design.
The design of the project involved various significant aspects
of geotechnical practice typically encountered with deep and
shallow foundations, including design of a variety of pile
types, concrete mat foundation, dewatering, excavation
support, vibration and settlement monitoring, seismic
liquefaction studies and vibro-compaction. Deep foundations
included caissons, H-piles, pipe piles, mini-piles and timber
piles. Support of excavation combined use of secant and
master pile walls, cantilevered sheet piling, and various
methods of supporting sheet piling such as tiebacks, rakers and
cross-lot bracing.
This paper presents the key geotechnical design and
construction features for three key contracts, with focus on: (i)
the geotechnical investigation, (ii) the design, installation and
testing of caissons for Contracts 30 and 32, (iii) the use of
finite elements to assist in the analysis and design of a 9 foot
thick concrete mat on soil subgrade and field monitoring of its
performance during construction for Contract 31, and (iv) the
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design of various excavation support systems used to
accommodate existing site constraints and construction staging
for Contracts 31 and 32.
Contract 30 is a major addition to the existing Main Building
including a new Boiler wing, a new Process Blower wing and
Electrical Substation. Contract 31 includes eight egg shaped
sludge digester, two cylindrical sludge storage tanks and a
centrifuge building housing twenty four centrifuges. Contract
32 includes a new Administrative Support Building, new
Chlorine Contact Tanks and a Disinfection Facility.
SITE GEOLOGY
Eastern Queens, Brooklyn and Long Island lie in the Coastal
Plain province on the edge of the North American plate. The
character and condition of rock in this area is the result of
complex geological processes including many episodes of
mountain building, erosion and volcanic activity. The bedrock
at the Newtown Creek site has remained inactive for millions
of years, permitting deep weathering of the surface rock.
Earlier soil deposits and much of the decomposed rock at the
site were removed during a sequence of successive glaciations
that advanced across Southeastern New York State. The soils
found today at the site have been largely deposited during and
after the last major glacial advance, which ended about 10,000
to 15,000 years ago.
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In historic times, the general site area was a shallow bay,
bounded by the mainland and a peninsula of high land to the
west, called Greenpoint. A salt marsh formed at the margins
of the bay and expanded to fill most of the open water areas.
The meadows remained undeveloped through the early part of
the 1800'
s, but were gradually filled. Remnants of the bay were
filled in the 1930'
s and 1940'
s. Whale Creek was backfilled to
its present condition in the mid 1960'
s.
GEOTECHNICAL INVESTIGATION
MRCE conducted a geotechnical investigation program at
different times at the different contract sites. The goal of the
programs was to collect subsurface information in order to
design the foundations and support of excavation schemes and
to meet the requirements of the New York City Building Code.
The pertinent details of the geotechnical investigation and its
results are described in the following sections.
Subsurface Investigation
The subsurface investigation program consisted of making
borings and test pits and installation of piezometers. A
preliminary investigation for the upgrade was conducted in
1996, which included 47 borings at various locations of the
proposed structures to obtain enough information to augment a
preliminary design.
This was followed by a detailed
investigation, which included over 500 borings made between
1997 and 2003 at the various contract sites. The investigation
program also included performing six full-scale, groundwater
pumping tests in the different aquifers at the site in order to

establish their hydro-geologic characteristics. Several test pits
were made to locate and observe the existing foundations,
bulkheads, sewers, etc. in order to provide information for
constructing around these existing features.
Laboratory Testing
The soil and rock samples were reclassified in the MRCE
laboratory to verify field log descriptions. Selected soil
samples were tested. Mechanical sieve analyses of grain size
distribution were made for granular soils, natural water
contents were obtained for all fine-grained samples, and
Atterberg limits were determined for selected cohesive
samples. Burn-off tests were performed on organic soils to
determine the percentage of organic content.
Strength tests were performed on selected undisturbed soil
samples. Unconsolidated undrained (UU) triaxial compressive
strength tests were performed on the soft organic soils.
Consolidated undrained (CU) triaxial compressive strength
tests were carried out on stiff varved silts and clays, and
decomposed rock samples. Consolidated drained (CD) triaxial
compressive strength tests were performed on granular soils.
One-dimensional consolidation tests were performed on finegrained soil samples of compressible strata to establish
parameters for settlement analyses. Unconfined compressive
strength tests were conducted for selected rock samples in an
outside laboratory.

Fig. 2. Typical site subsurface stratigraphy
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Subsurface Stratigraphy
The soils encountered in the borings were classified in
accordance with the New York City Building code
Classification system and Unified Soil Classification system.
The general subsurface conditions are shown in the form of a
generalized east-west cross-section through the middle of the
site as shown in Figure 2. These include fill (F) over marsh
deposits (O1 and O3), underlain by glacial lake and organic
sands (O2/S1), varved silts (V), till (T) and residual soils (DR1
and DR2) overlying rock (R).
The fill below the water table is generally loose and has a
permeability of about 2 x 10-2 cm/sec to 5 x 10-4 cm/sec. The
combined O2 and S1 strata are relatively permeable and
continuous. Permeability values in the O2/S1 aquifer are on
the order of 1x10-3 cm/sec. The till stratum varies in thickness
from about 2 to 30 feet and its permeability ranges from about
1x10-3 to 1x10-4 cm/sec.
The varved silts and clay stratum is a relatively stiff deposit.
Consolidation tests performed on samples of this stratum
indicate that it has been pre-consolidated in the past to stresses
much higher than present overburden stresses, due to past
glacial ice loading. The over-consolidation ratio (OCR) for
this site ranges between 4 and 6. The pre-consolidation values
are in agreement with other investigations of this formation in
the general New York City metropolitan area.
The
consolidated-undrained triaxial shear strengths of the samples
tested in the laboratory ranged from about 1200 to 2400 psf
with higher values typically near the top which appears to have
been desiccated in the past.
The bedrock is part of the Hartland Formation and typically
consists of hard to intermediate, slightly weathered to
unweathered granitic to schistose gneiss. The bedrock surface
is uneven due to deep differential weathering, as indicated by
the extent of the decomposed rock above. The quality of the
rock was generally good and was classified as having a
minimum bearing capacity of 20 tons per square foot.
Groundwater Conditions
The groundwater conditions at the site are strongly influenced
by the locations and permeability of the soil strata. The
overall Newtown Creek WPCP site can be generally
characterized by a system of three relatively permeable strata,
or aquifers, separated by relatively impermeable strata
(aquitards). The uppermost aquifer is the existing granular fill
stratum, which is hydraulically connected to Newtown Creek
and is influenced by tidal fluctuations. The middle aquifer
typically consists of the O2 and S1 strata that may be
characterized as a single, confined aquifer sandwiched
between relatively impermeable aquitards. The O2 and S1
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strata are mostly contiguous and are occasionally separated by
the O3 stratum.
The O2 and S1 strata have similar
permeability with the exception of several silty pockets in the
O2 stratum. The O2/S1 aquifer’s tidal influence decreases
with increasing distance from Whale Creek Canal. Stratum T
is the lowest confined aquifer, lying between two relatively
impermeable aquitards and is only slightly influenced by tidal
fluctuations in Whale Creek Canal.
For design purposes, a static groundwater level at EL. +2.0
was established for all the aquifers. The datum is the Brooklyn
Highway Datum (BHD) which is a high-water datum. Tide
levels were measured in Whale Creek during one of the boring
investigations. Measurements indicate that Mean Lower Low
Water at Whale Creek was at about EL. -3.5 and Mean Tide
Level at about EL. –1.0. The tide range was observed during
that investigation and varied between 2.5 and 5.5 feet. The
100-year flood level was obtained from a NYC Flood
Insurance Rate Map and is given as EL. +7.4 BHD. The 500year flood was interpreted from that map, with wave action, to
be at EL. +10.4 BHD.
Seismic Evaluation
Seismic forces are loads of infrequent occurrence. However,
when a seismic event occurs, loose soils become susceptible to
liquefaction wherein their compressive and shear strength can
reduce significantly. Any structure, or portion thereof, relying
on the strength characteristics of such soils can undergo
excessive deformation or even failure.
Hence, it was
imperative to perform a seismic analysis of the soils to
evaluate their susceptibility to liquefaction.
The New York City Building Code (NYCBC) requires a
determination of the potential for liquefaction using a
liquefaction screening diagram developed on the basis of
Standard Penetration Resistance (“uncorrected” SPT Nvalues). Soils of Classes 7-65, 8-65, 10-65 and non-cohesive
Class 11-65 soils below the groundwater table and less than 50
feet below the ground surface have to be evaluated for
liquefaction. Using this screening diagram, the natural site
soils below the fill and organic clays, were found to belong to
Category C (Liquefaction Unlikely) or Category B (Possible
Liquefaction). The granular fill soils below the groundwater
table were found to belong to Category A (Probable
Liquefaction) or Category B (Possible Liquefaction).
Since the NYCBC liquefaction screening diagram is based on
assumed clean granular soil conditions, it permits a more
detailed evaluation for site specific conditions. The site
specific conditions influencing the liquefaction potential are
soil stratifications, soil unit weights and mean shear wave
velocity profile, groundwater level, actual peak acceleration at
the site and fines content of cohesionless soils. The NYCBC
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allows the site specific seismic analysis to be used to evaluate
the liquefaction potential if such an analysis can demonstrate a
more precise liquefaction potential. Such a site-specific
seismic analysis was performed for the different site areas
which showed that the natural site soils below the fill and
organic clays would not liquefy during the design seismic
event. The fill soils were found to be susceptible to
liquefaction.
GEOTECHNICAL DESIGN SOLUTIONS
Foundations
Various types of foundations were examined for the new
structures to be constructed under Contracts 30, 31 and 32.
These included:
i. Shallow foundation support on a mat foundation, bearing on
structural backfill after removal of organic soils,
ii. Shallow foundation support after improving the unsuitable
bearing soils by deep soil mixing methods,
iii. Caissons socketed into bedrock, and
iv. Driven piles.
The foundations were to be designed in accordance with the
NYCBC seismic design requirements. With the exception of
the digester complex in Contract 31 and the influent/effluent
conduits in Contract 32, the study showed that driven piles or
caissons were generally the most cost effective alternatives for
supporting the new structures. The presence of soft organic
soils and silty sands underlying the fill stratum would have
required excessive amounts of over-excavation and a more
extensive support of excavation system to reach final subgrade
for a majority of the structures. Caissons were selected for
supporting the Main Electrical Substation and the Main
Building South Addition in Contract 30, and for supporting the
Chlorine Contact Tanks and Disinfection Facility in Contract
32. Driven piles were selected for the Support Building in
Contract 32 and the Centrifuge Building in Contract 31. A mat
foundation, bearing on the glacial lake sands, underlain by stiff
varved silts, was selected for supporting the digester complex
in Contract 31. The magnitude of the lateral load that would
be generated by the design seismic event precluded the use of
driven piles or caissons. A thick concrete mat supported on
the lake sands about 30 feet below grade was selected to
provide the needed lateral resistance. A mat foundation was
also selected for supporting the influent/effluent conduits in
Contract 32 because the depth of required excavation
coincided with the bottom of the base slab, which made a
shallow foundation economically more attractive than a deep
foundation.
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Excavation Support
Design Requirements. The support of excavation systems
selected for Contracts 30, 31 and 32 were required to satisfy
two basic requirements; (a) protect adjacent structures where
excavation extends below existing foundations or groundwater
level, and (b) provide a continuous perimeter water cut-off to
limit upward seepage gradients and groundwater pumping. In
areas where adjacent structures that are sensitive to settlement
were located, the design of the excavation support system was
controlled by stiffness requirements to limit lateral deflection
during excavation. The excavation support walls extended
into the relatively impermeable varved silt stratum to achieve a
water cut-off.
The walls were designed to support either a vertical
construction surcharge of 600 psf relating to a triangular
lateral pressure of equivalent fluid or uniform pressure or the
100-year flood water level, whichever produced the worst
loading condition. In areas where the excavation support wall
was common to an adjacent contract, the wall was designed for
the contract that produced the worst loading condition. All
support of excavation walls were required to be left in place.
Selected Wall Systems. Driven sheet piling was determined
most appropriate and economical for meeting the basic design
requirements and provided the highest degree of flexibility to
facilitate construction staging. At one area of the Chlorine
Contact Tank (CCT) excavation in Contract 32, a drilled-in
secant pile wall was installed due to the close proximity of an
adjacent metal building structure, for which foundation
information was not available. A drilled wall was selected to
minimize disturbance to the soil underlying the building,
which could have caused it to settle.
A variety of methods were evaluated for supporting the
sheeting to accommodate the construction staging, including
cantilever sheeting, tiebacks and internal struts and rakers.
Cantilever sheeting was utilized to the highest extent possible
to not limit construction access and facilitate construction
staging. External bracing with tiebacks was utilized in areas
where excavation was too deep and cantilever walls were not
cost effective. In cases where external bracing was not
possible, internal cross-lot struts or inclined rakers were used
to support the sheeting. In areas where adjacent structures
existed, the struts or rakers were pre-loaded to minimize
sheeting movement. A more detailed discussion on the
excavation support wall systems selected for Contracts 31 and
32 is provided below.
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Fig. 3. Support of excavation for Digester Complex.
Contract 31. For this contract, two levels of inclined tiebacks
drilled into the till were installed on the north, east and south
sides of the digester complex excavation (Figure 3). At some
areas of the site where the till stratum was thin or the rock was
shallow, the tiebacks were drilled into rock. The top and
lower tier tiebacks were installed to achieve a minimum design
load of 105 tons and 145 tons, respectively. Proof and
performance testing was conducted to confirm their capacities.
An existing 90-inch concrete box sewer supported on timber
piles and located below the street, precluded the use of
tiebacks on the west side of the excavation. Along this side of
the excavation, two tiers of 30-inch diameter internal pipe
rakers were utilized to support the sheeting (Figure 4). This
required leaving a temporary soil berm along the sheeting and
casting a portion of the digester mat to provide support to the
rakers prior to completing the excavation. The top and bottom
level rakers were designed to provide a minimum 90 ton and
210 ton design capacity. The rakers were preloaded with flat
jacks to a minimum of 80% of their design load to minimize
sheeting movement.
Contract 32. A considerable amount of sheet piling was
installed in Contract 32 (Figure 5). For the CCT’s, tied-back
sheet piling was installed along the west side (Provost St) and
a portion of the north side (Paige Ave). One level of tiebacks
drilled into the till or rock was installed along Paige Ave and
two levels along Provost Street. Three levels of tiebacks were
required along a portion of the west sheeting where subgrade
was deeper. The design load for the tiebacks varied from 72
tons to 130 tons. All tiebacks that were not drilled into rock
were post-grouted to achieve the minimum required capacity.
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Fig. 4.

Pipe rakers supporting the west sheeting line for the
Digester Complex excavation.

Cantilevered sheeting was installed along most of the south
side of the CCT’s, except for a small length where cross-lot
struts were required to transfer potentially high surcharge
loads from the north side of the site. The sheeting along the
south side of the excavation was designed to subsequently
support the excavation for an adjacent contract that was
scheduled to start at a later date. A significant portion of the
sheeting design in this area was controlled by conditions that
would be encountered during the adjacent contract work.

Tiebacks
(typ)

Cantilever sheeting

Cross lot bracing

Fig. 5. Support of excavation for Chlorine Contact Tanks
and Disinfection Facility.
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Braced sheet piling was installed to support the excavation for
the new influent/effluent conduits connecting the existing
batteries to the new CCT’s and Disinfection Facility (Figure
7). The excavation was braced with two levels of struts,
except for the length of the excavation adjacent to the existing
sedimentation tanks of the central and south batteries. Within
this length, three levels of struts were provided to stiffen the
sheeting to limit lateral movement that could have been
detrimental to the existing timber pile supported tanks.

Fig. 6. Secant pile wall for excavation support near
existing building.
The north side of the strutted area was sheeted with a drilled-in
secant pile wall, which comprised 30-inch diameter
overlapped concrete columns reinforced with a steel beam core
(Figure 6). In this area, a very stiff wall was required to
minimize ground movements that could be detrimental to the
immediately adjacent structure. The struts were preloaded by
driving steel wedges between the struts and the sheeting.
Strain gauges were installed on the struts to monitor the loads
within the struts at various stages of the excavation.

Installation and Monitoring. The sheet piling was typically
driven with an impact hammer instead of a vibratory hammer
to reduce ground vibrations that could be potentially damaging
to adjacent structures.
The contractor implemented a
monitoring program whenever sheet pile installation occurred
within 100 feet of any structure or utility, which included
vibration and settlement monitoring. The contract documents
limited ground vibrations to 1 inch per second (ips) for impact
hammers. In areas where there were no structures within 100
feet of pile driving operations, a vibratory hammer was
permitted. Below is a brief description of some of the key
results observed during sheet pile installation in Contract 32.
In general, sheet pile installation for Contract 32 proceeded
reasonably well, except along a portion of the length on the
west side of the CCT’s. At this location the contractor
encountered some difficulty in penetrating the sheets to the
specified tip elevation, apparently due to cobbles and boulders
in the sand/till stratum. As a result, a number of the sheets
were terminated at a higher elevation and additional tiebacks
were installed to provide adequate toe support at final
subgrade. In addition, the sheeting in these areas did not
penetrate into the varved silt to provide the required water cutoff and the soil behind the sheet piling at the resulting
“windows” was grouted with a sodium silicate-based grout.
The most critical area of sheet pile installation was for the
influent/effluent conduits excavation immediately adjacent to
the existing sedimentation tanks that are supported on timber
piles founded in the sand stratum. The sheet piling was driven
within one to three feet of the outer row of existing timber
piles that could have caused the existing tanks to settle. Prior
to driving the east sheeting line closest to the tanks, borehole
extensometer and vibration readings were taken during driving
of the west sheeting line (further from the tanks) to obtain
information on the potential for the sand stratum to densify.
Seismograph readings indicated that the maximum permitted
peak particle velocity was exceeded at times, but extensometer
readings indicated that densification of the sand was not
significant (less than ½ inch). This result provided a
reasonable level of confidence that driving the sheeting next to
the tanks would not cause the tanks to settle.

Fig. 7. Internally braced sheet piling for influent/effluent
conduits.
Paper No. 11.08
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Settlement monitoring of the existing tanks during driving of
the east sheeting line next to the tanks indicated that settlement
did not occur, although the specified vibration limit was
exceeded quite often. This result is attributable to the fact that
the sands were densified to some extent during the initial
driving of the timber piles for the existing tanks. The existing
tanks were monitored on a regular basis as the excavation
progressed by optical survey and with crack gauges that were
located at expansion joints. At press time, the conduits
adjacent to the central battery had been completed, and the
excavation adjacent to the south battery was nearly complete,
and no significant movement of the tanks has been observed.
Dewatering and Groundwater Cut-Off
Since a majority of the structures for the project have base
slabs at elevations below the groundwater table, groundwater
lowering for the excavations was required. Although the
groundwater lowering did not require an extensive dewatering
system, the amount of dewatering was to be minimized, since
the site is located in the vicinity of known contaminant plumes
(primarily petroleum hydrocarbons) present in the groundwater
southeast of the project site. Excessive groundwater pumping
could cause these off-site plumes to migrate from their preconstruction locations towards the site, which could require
costly environmental clean-up efforts. To minimize this risk,
support of excavation systems that provided substantial water
cut-off were required.

interlock sealant (Adeka A-50 Ultraseal or similar) in the
sheeting interlocks prior to driving the sheet piles.
Field results at the Contract 31 site, which is closest to the offsite plumes and has a large “bathtub” excavation, indicate that
there has been no significant movement of the off-site plumes
towards the site so far and the volume of groundwater seepage
through the sheeting interlocks indicates that the required
permeability of the sheeting system has generally been
achieved.
Vibro-Compaction
Most of the structures for the plant upgrade will be constructed
after excavating the existing fill soils. Compacted granular
backfill will be placed below and around the new structures,
which will not be prone to liquefaction. As a result, the
liquefaction susceptibility of the existing fill soils is not a
concern at such structures. However, at some locations where
the strength of the fill soils was required for lateral support of
structures, it was not cost-efficient or necessary to remove the
existing fill. An example of such an area is in Contract 32,
behind the interlocked sheet pile bulkhead at the Support
Building. The bulkhead structure receives its support by
horizontal tie-rods, connected to a sheet pile deadman. A 50
to 60 foot wide by 500 foot long zone of soil between the
bulkhead and the deadman provides the resistance for stability
of the bulkhead. Since the existing fill layer in this zone was
found susceptible to liquefaction, densification of this layer by
ground improvement methods was necessary to minimize its
liquefaction potential.

Typical cut-off wall types include slurry trenches, soil mix and
jet grouted walls, which are relatively impermeable, and have
permeability values as low as 1 x 10-8 cm/sec. A less costly
type of wall, interlocked steel sheet piles, can provide an
equivalent permeability on the order of 1 x 10-3 to 1 x 10-4
cm/sec. Based on available research (Sellmeijer et al), the
permeability of an interlocked steel sheet pile system can be
reduced significantly by effectively sealing the sheet pile
interlocks. For this project, P-201 sealant (as manufactured by
Adeka) was applied in the shop with a patented device (Roxan
System by Arbed) shaped like an interlock. The device
applies the sealant uniformly in a thin layer as it is moved
along the interlock.

Vibro-compaction is a type of ground improvement method
that is used for rapid densification of saturated cohesionless
soils. It involves insertion of long probes into the ground, at a
regular grid spacing in plan, to the depth densification is
required, followed by compaction by vibration during
withdrawal. Initially, controlled liquefaction is induced,
allowing the soil particles to form a more densely packed
arrangement as a result of additional vibration and upon
dissipation of excess pore pressures.

Three-dimensional groundwater modeling results for the
project construction showed that if the equivalent permeability
of the sheeting system could be limited to about 5 x 10-6
cm/sec, the risk of significant movement of the off-site
contaminant plumes would be very small and acceptable. Six
full scale groundwater pumping tests were performed in
different contract areas to establish the hydro-geologic
characteristics of the various aquifers at the site. Their results
were used in constructing and calibrating the groundwater
model. The specifications for various contracts were written to
require an effective permeability no greater than 1 x 10-6
cm/sec, which could be achieved by applying an expandable

At the Support Building site, an H-beam probe was used by
the contractor, which was hung and vibrated by a vibrohammer at ground surface. An initial grid spacing of 8 feet
was employed. At each node on the grid, the hammer was
inserted about 20 to 25 feet below ground surface and then
vibrated by lifting up in 18-inch increments. Granular sand
backfill was used where the vibro-compaction created a
depression in the ground around the probe. An N-Value
criterion was specified to determine when adequate
densification was achieved, which was verified by making
borings after vibro-compaction. The minimum required NValue, to minimize the seismic liquefaction potential of the fill
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soils, was found to vary from about 4 to 7 blows per foot from
a depth of 10 to 20 feet.
A majority of the zone was
successfully densified by the first pass of vibro-compaction.
In isolated zones, the contractor performed additional vibrocompaction in between the original probe locations to achieve
the specified densification.
FOUNDATION DESIGN
Caissons
A significant portion of the new structures, when completed,
will be supported on caissons socketed into bedrock. Caissons
were installed in Contracts 30 and 32. For Contract 30, a total
of 240, 24-inch diameter caissons were installed for the new
Main Building South Addition (MBSA) and 41, 30-inch
diameter caissons were installed for the new Main Electrical
Substation (MES). An additional 29 caissons are to be
installed for the south half of the substation. For Contract 32,
a total of 712, 18-inch diameter caissons were installed to
support the Chlorine Contact Tanks and the Disinfection
Facility.

Fig. 8. Axial/Lateral load interaction curve for 18"
Diameter caissons (service condition).

Design. The primary design criteria was to limit lateral
deflection at the structure base slab elevation to about 5/8 inch
during the design seismic event and to about ½ inch during
service load conditions. To meet these criteria and support the
relatively high compressive loads, a caisson with a relatively
high lateral stiffness was required. Therefore, the caisson
diameter was dominated primarily by lateral loading due to
seismic forces that would be generated during the design
earthquake or unbalanced soil load during service conditions.
Typical lateral load capacity analyses were performed,
modeling the lateral soil properties as horizontal springs
spaced vertically at one foot apart along the caisson depth.
Individual spring stiffness values were based on the soil
characteristics and stratigraphy, and were reduced by applying
appropriate reduction factors to account for group action and
seismic loading effects. The caisson/slab connection was
modeled as a partially fixed condition to limit lateral
deflection and reduce caisson diameter and wall thickness
requirements.
A compressive load versus lateral capacity interaction curve
was developed for the various diameter caissons for the
established lateral deflection criteria to assist in optimizing
caisson layout and spacing. Typical interaction curves for the
18-inch diameter caissons are shown in Figures 8 and 9.
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Fig. 9. Axial/Lateral load interaction curve for 18"
Diameter caissons (seismic condition).
The design lateral capacity for the 18-inch diameter caissons
was 15 kips, while that for the 24 and 30-inch diameter
caissons was 40 and 50 kips, respectively. The lateral capacity
of the caisson is primarily derived from its steel casing. The
concrete and I-beam core provides additional lateral stiffness.
Typical details for the 18-inch diameter caissons are shown in
Figure 10.
Compressive loads for the 18-inch diameter caissons for the
CCT’s varied between 200 and 450 tons, resulting in sockets
ranging from 3 to 5 feet in length. Compressive loads for the
24-inch diameter caissons for the MBSA ranged from about 60
to over 600 tons, resulting in sockets ranging from 2’ to 6’-6”
in length. For the 30-inch diameter caissons supporting the
MES, compressive loads ranged between 50 and 610 tons,
resulting in sockets ranging from 2’-6” to 5’-6” in length. The
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compressive capacity of the caisson is primarily derived from
friction between the concrete and rock interface within the
socket length. A relatively small portion of the compression
capacity is also provided by end bearing of the concrete socket
on the rock.

the casing during drilling of the permanent casing, since soil
disturbance was critical to the lateral load capacity of the
caissons. However, the contractors opted to eliminate the
temporary outer casing and vibrate the permanent shells to
refusal instead. Once the casings were cleaned and the rock
sockets drilled, the casings were redriven to refusal with an
impact hammer. The casings were cleaned with an auger to a
hard soil stratum, typically top of decomposed rock, and then
completed with churn drills or down-the-hole hammers. The
cleaning operations proceeded generally well, except for some
difficulty that was experienced with the 18-inch diameter
caissons. The contractor encountered some difficulty in
cleaning out the relatively stiff varved silts, apparently due to
the relatively small diameter of the casing.
After the sockets were drilled and casings re-driven, the
sockets were inspected with an underwater video camera that
was lowered into the socket to ensure that the minimum
specified socket length was founded in competent rock. Soda
ash was dropped into the water within the casing to improve
visibility. After the sockets were inspected and accepted, they
were flushed with water to remove any debris or bottom
sediments. The steel I-beam cores were then installed and
secured in place. The casings were flushed again prior to
pouring the concrete. The concrete core was poured using the
tremie method.

Fig. 10. Typical 18-inch diameter caisson design.
The caissons were also required to resist uplift loads due to
hydrostatic pressures that would develop below the base slab
during service or flood conditions. The design uplift load was
taken as the maximum value obtained from among the three
design groundwater levels (normal, 100-year flood and 500year flood) multiplied by their respective load factor (1.5, 1.1
and 1.0, respectively). For the 18-inch diameter caissons of
the CCT’s, the maximum required uplift load capacity was 30
tons. The maximum required uplift load capacity for the 24inch diameter caissons for the MBSA was 130 tons. No uplift
capacity was required for the 30-inch diameter caissons
supporting the MES. The uplift capacity of the caissons is
provided by friction between the rock and concrete within the
socket length. Steel I-beam cores were provided, where
necessary, to develop the structural capacity of the caisson in
tension, and to transfer the uplift load to the slab.
Installation and Inspection. The original contract drawings for
Contracts 30 and 32 required installing the caissons through a
temporary outer steel casing and filling the annulus between
the temporary outer casing and permanent caisson shell with
grout. This procedure was specified to compensate for the
disturbance that was expected to occur in the soil surrounding
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Testing. The caissons were load tested to verify their uplift,
lateral and compressive capacities assumed in design. The
uplift and lateral load tests were performed using conventional
static methods; while the compression load tests were
performed using relatively new dynamic testing technology
termed Statnamic Testing.
The uplift load tests were performed on the 18-inch diameter
caissons by jacking against a reaction beam supported on
adjacent caissons. Load test results indicated that the uplift
capacities were well above that required.
The lateral load tests were performed on the 18, 24 and 30inch diameter caissons by pushing two adjacent caissons apart
with a hydraulic jack at final subgrade elevation to simulate
conditions that would be experienced by the caissons during
service. Any overburden soil above final subgrade elevation
would provide additional lateral confining pressure that would
not be present during service conditions and was excavated to
beyond its area of influence.
The contract documents required installing inclinometers
within the caissons so that lateral movements during the load
tests could be recorded along the caisson depth. This
information could be used to evaluate the variation in spring
stiffness along the caisson depth. However, the inclinometer
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tubes were damaged during installation and were unusable.
Therefore, lateral movements at the caisson head were
recorded with dial gauges. The tests represented lateral pile
deflection for a free head condition, while the lateral load
analyses assumed a partially fixed condition. Therefore, the
deflection values obtained from the tests were adjusted
accordingly to represent the design condition. All lateral load
tests confirmed that the caissons could provide the required
capacities within the design deflection limits.

The load increases to a maximum and is decreased by a
controlled venting of the pressure. Load and displacement are
recorded by built-in instrumentation during the entire loading
and unloading cycle. A load-displacement curve is generated
on site and can be viewed on a laptop screen, which is hooked
up to the test instrumentation. An equivalent static curve can
be developed through various mathematical relationships that
process the test data in a spreadsheet format. This curve
shows the correlation between the results of a Statnamic and
derived static test (Figure 12).

The compressive capacity of the 18-inch diameter caissons
was verified by using Statnamic testing technology (Figure
11). Statnamic testing is a proprietary technology that applies
low-rate dynamic loading to an installed pile or caisson over a
fraction of a second. The rate of loading is significantly
shorter than in a conventional static test, but longer than that of
a dynamic test as applied by a pile hammer. In a Statnamic
test, the load is generated by controlled combustion within a

Fig. 12. Statnamic compression test curve for 18”
diameter caisson.

CONCRETE MAT FOUNDATION
The Digester Complex of the Solids Handling Facility is
designed to be supported on a reinforced concrete mat
foundation.
The dimensions of the concrete mat are
approximately 500 feet by 225 feet in plan with a thickness of
9 feet. The Digester Complex comprises eight egg-shaped
Digester Tanks and two cylindrical Sludge Storage Tanks,
each supported on a 30-inch thick reinforced concrete ring
wall.

Fig. 11. Statnamic compression testing of 18-inch diameter
caissons.
pressure chamber positioned above the pile/caisson. As the
pressure increases, an upward force is exerted against a
reaction mass positioned above the pressure chamber, while an
equal and opposite force pushes downward on the pile/caisson.
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The base of the concrete mat bears on the natural S1 stratum
lake sands of about 5 to 10 feet in thickness. The lake sands
are underlain by a thick layer of varved silts of stratum V with
an average thickness of about 25 feet. The varved silts are
underlain by a glacial till layer which is underlain by
decomposed rock over bedrock. Of these strata, the varved silt
stratum is relatively the most compressible. However, the
varved silt layer is heavily over-consolidated due to past
glacial loading with an average over-consolidation ratio of
about 6.0. Due to such high over-consolidation, the new load
to be imposed by the Digester Facility will be significantly
below past overburden pressures experienced by the varved
silts. Hence, the consolidation of the varved silts due to the
imposed loading will only be due to recompression.
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Finite Element Modeling
The design and settlement profile of the mat foundation is
governed by the deformation characteristics of the varved silts.
The structural design of the mat foundation was performed by
the JV using a STAAD three dimensional finite element
computer model. This model simulates the soil properties by
using an equivalent spring under each node. The stiffness of
the spring governs the resulting deformation of the node under
the imposed load. MRCE performed a finite element analysis
using a soil-structure interaction software (Plaxis) in order to
compute the varying spring stiffness values due to the imposed
loading for use in the structural model. A Plaxis stress-strain
curve for the varved silts was developed from a laboratory
consolidation test on an undisturbed soil sample (Figure 13).
The spring stiffness values determined from MRCE analyses
were used in the STAAD structural model to compute the
bending moments and shear forces for the design of the mat
and the deformed shape of the mat. Several iterations were
performed in order to obtain compatibility between the
deformations estimated by the Plaxis analyses and those
generated by the STAAD model.

plot of the computed deformed shape of the mat in service
condition with all tanks full is shown in Figure 14. It shows
the deformation of the mat varying from about 1¼ inches near
the lightly loaded center portion to up to about 3 inches near
the heavily loaded edges and corners of the mat.
Subgrade Preparation and Mat Placement
Due to the large size of the mat foundation and limitation of
availability of concrete, placement of the mat was performed
in stages.
Forty individual sections of the mat, each
approximately 50 feet by 50 feet in plan, were placed in a
checker-board manner with construction joints separating the
sections. Typically, one to two mat sections were placed on
any given day. The contractor prepared the subgrade for each
section and placed a 6-inch thick concrete ‘mud’ mat in order
to provide a working surface for placement of the
reinforcement and the foundation mat concrete. Where
disturbed/unacceptable soils were encountered at the design
subgrade level, over-excavation was required, followed by
backfilling with structural granular backfill and compacting it
to 95% modified Proctor densities. As much as 70% of the
cementicious content was slag in the concrete for the mat
foundation, which was beneficial in controlling the heat of
hydration for the concrete mix. A cooling piping system was
installed within the mat to be utilized if necessary to control
rise in temperature due to the heat of hydration.
Long-
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Fig. 13. Stress-Strain curve for Varved Silts.
Various stages of construction and service conditions were
evaluated in order to determine the critical moments and forces
on the mat foundation. Short term (undrained) and long term
(drained) conditions were also analyzed. Service conditions
included various combinations of emptying and filling of the
tanks which produced different deformed shapes of the mat
foundation.
Since the varved silts are heavily overconsolidated, it is believed that they will respond essentially
elastically to load changes and drained conditions would occur
in a matter of a few months. Hence a reduction of heave and
recompression displacements due to incomplete expansion and
compression of the varved silts was not relied upon. A typical
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Fig. 14. Typical computed deformed shape of
mat in service condition.

Settlement Monitoring
A settlement monitoring program was devised in order to
compare the actual deformation of the mat foundation to the
estimated design profile. The monitoring points are located at
various portions on the top of the mat foundation. At a
number of points, the base of mat is also monitored from the
instant concrete is placed for the mat foundation. This was
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instrumented by placing a vertical rebar loosely attached to the
reinforcing cage, prior to placement of the mat concrete. The
top of the rebar protrudes above the top of the mat. The other
monitoring points were typically established on top of the mat
a day after the mat section was poured.
At the time of writing of this paper, the placement of the mat
foundation was almost completed. The observed settlement of
the mat foundation due to its self weight was found to be in
general agreement with estimated values, where accurate
surveyed measurements were obtained. Due to the self weight
of the 9-foot thick concrete, approximately one inch of mat
settlement occurred. Monitoring of the mat displacement is
scheduled to be performed throughout the construction period
and after the tanks are filled.
SUMMARY AND CONCLUSIONS
Use of high capacity caissons provided an optimal
foundation solution for resisting vertical and lateral
loads.
Vibrating, instead of spinning the caisson casings to
refusal proved to be an effective method of
installation for this site.
Cleaning 18-inch diameter casings was found to be
difficult, especially in stiff cohesive materials.
Statnamic technology can be a cost effective
approach for compression testing high capacity
caissons or piles.
Use of a reinforced concrete mat foundation provided
an optimal foundation solution for resisting large
vertical and lateral tank loads.
Steel sheet piling treated with interlock sealant and
driven into a relatively impermeable soil proved to be
an effective water cut-off wall.
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Driving sheet piling next to adjacent structures
supported on piles that derive their capacity from
friction in sand was achieved without causing
measurable settlement to the existing structures,
primarily due to the prior densification of the sand
during the original installation of the existing
foundation piles.
Vibro-compaction was found to be an effective
ground improvement technique for rapid densification
of saturated cohesionless soils to minimize its
susceptibility to seismic liquefaction.
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